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Abstract 
ostriim, M., Eriksson, A., Thorson, J., Romeo, D.J. and Svensson, L., 1992. Dynamic padding by 
retrofit airbags and knee bars. A study of Swedish mail delivery cars. Safety Science, 15: 147- 
154. 
The present study demonstrates the feasibility of a retrofit driver airbag system and knee bars 
in passenger cars for mail delivery. The system was tested in field experiments, in rough road test, 
and in low and high speed barrier test. No faults of the system occurred and the crash tests revealed 
that the energy reducing capacity in frontal collisions was satisfactory. As airbags prevent injuries 
to non-belt-users, such as certain occupational drivers, we advocate a wider implementation of 
retrofit airbag systems. We also stress the importance of using seat belts in conjunction with 
airbags. 
R&urn6 
Cette etude dkmontre la faisabilite de la mise en place du systeme de conduite avec coussin d’air 
month apres construction et barres de protection pour les genoux dans les voitures de tourisme 
affectees a la distribution du courrier. Le systeme a Bte test& sur le terrain, il a subi des tests sur 
route trks difficiles ainsi que des tests de collision frontale a vitesse Qlevee et basse. Aucun defaut 
n’a pu 8tre detect6 sur le systeme et les tests de collision ont r&elk que la capacite de reduction 
d’energie au tours des collisions frontales Qtait satisfaisante. Etant don& que les coussins d’air 
kvitent des blessures aux personnes qui ne s’attachent pas en voiture, comme c’est souvent le cas 
pour celles qui sont chauffeur/livreur, nous conseillons et souhaitons vivement que le systeme a 
coussin d’air retrofit puisse dtre mis en place 21 t&s large Bchelle. Nous mettons Bgalement l’accent 
sur l’importance de l’utilisation des ceintures en combinaison avec les coussins d’air. 
Correspondence to: Anders Eriksson, Department of Forensic Medicine, University of Ume& P.O. 
Box 7642, S-907 12 UmeH, Sweden. 
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Zusammenfassung 
Diese Unte~uchung liefert den Beweis fur die Durchf~hrbarkeit eines nachtr~glich einzubauen- 
den Luftsackes und Kniestangen in Personenkraftwagen fur die Zustellung der Post. Dieses Sich- 
erheitssystem wurde in der Praxis unter schweren StraRenverhaltnissen sowie durch Anprallver- 
suche mit niedriger und hoher Geschwindigkeit getestet. Das Sicherheitssystem wies keine Defekte 
auf, wahrend die Anprallversuche eine befriedigende Verringerung der Energie bei Frontalzus- 
ammenstiii3en ergab. Da durth Luftsgcke Verletzungen bei nichtangeschnallten Insassen wie bes- 
timmten Berufsfahrern vermieden werden, beftirworten wir eine allgemeinere Ein~hrung von 
nachtraglich einzubauenden Luftsacken. Weit,er mijchten wir betonen, daf3 die Beniitzung von 
Sicherheitsgurten zusammen mit Luftsacken von groRer Wichtigkeit ist. 
1. Introduction 
Injuries from traffic crashes have become one of the main causes of severe 
handicaps and lost work-years among industrialized countries, especially due 
to their high involvement of young people (Committe on Trauma Research, 
1985 f . Motor vehicle crashes are responsible for between 30% and 40% of all 
injury deaths during occupational activities in the United States (Baker et al., 
1976, 1982; Karlsson and Baker, 1978; Kraus, 1985) as well as about 12% of 
all occupational non-fatal injuries (Runyan and Baker, 1988 1. 
In fact, traffic crashes are one of our most important major public and oc- 
cupational health problems, and the search for preventive measures must be 
given high priority. Such measures have included improvements in the traffic 
environment and vehicle safety. However, during the late 80s the number of 
traffic injuries and fatalities has increased in Sweden, and each year about 800 
persons loose their lives in traffic crashes (Official Statistics of Sweden, 19891, 
with many more severely injured. We thus feel there is a need for further at- 
tempts to increase traffic safety. 
A possible strategy to increase the interior protection of the vehicle is to 
supplement the seat belt with a passive dynamic padding system, such as an 
airbag and knee bar. This measure is especially desirable for passenger car 
occupants who do not use seat belts in spite of the risk of collision. Such a 
group is represented by certain occupational drivers. 
As about one-third of all collisions are frontal, and injuries are most often 
caused by the windshield or the steering wheel in Swedish vehicle-related oc- 
cupational injuries (Romeo et al., 1987), we have in the present paper analyzed 
the function of a retrofit driver airbag system with a knee bar in two passenger 
cars used for mail delivery. We also report on the function of the system on the 
road and in simulated frontal crashes. 
149 
2. Material and methods 
An airbag system (for details see Romeo and Morris, 1984 ) was installed in 
two 1985 Opel Kadett vehicles at the Hedemora Bilteknik AB, Hedemora, 
Sweden, by Romeo Engineering International Inc. A knee bar for control of 
lower torso kinematics and injury protection was mounted below the instru- 
ment panel on the driver side at the same time. 
Initially, the crash sensors were located relatively far forward in the engine 
compartment. This location, as well as a location of the sensor just behind the 
shock towers (hereafter referred to as front and aft sensor locations), were 
evaluated by sensor threshold barrier tests. 
2.1. Installation 
In the engine compartment, the system consisted of two front crash sensors, 
which were mounted in the frontal crash zone of the vehicle. A low level sensor 
(less than 2-3 g) in series with each front sensor, to help preventing inadvert- 
ent deployment, was located at the fire wall. In addition to connecting the front 
sensors, a protective wiring harness had wiring to power and ground and a 
readiness indicator light. The wiring went up the steering column through a 
coiled connector to a four-spoke airbag steering wheel. The airbag system was 
active only when the ignition was on. The airbag module consisted of a gas 
generator, a neoprene coated nylon airbag, metal mounting components and a 
reinforced cover assembly (see Romeo and Morris, 1984, for details ). 
A knee bar was mounted just below the instrument panel on the driver side. 
It consisted of 1 mm thick sheet metal, energy absorbing foam, and a vinyl 
cover and as designed to fit each individual car. 
Evaluation of the installed driver airbag system was conducted through a 
series of tests: field experience, rough road tests, sensor threshold barrier tests, 
and airbag performance evaluation by frontal barrier crash tests. 
2.2. Field experience 
As part of the project, the two test vehicles were road tested on an actual 
post office delivery route over a period of four months (November-March). 
2.3. Rough road tests 
A series of rough road tests was conducted by driving the vehicle at increas- 
ing speeds from 20 km/h to 50 km/h over a 10 cm high curb and at 30 km/h 
and 40 km/h over a 12.7 cm high curb. During these tests, the gas generator 
was replaced with a flash bulb so that any front sensor closure would fire the 
flash bulb rather than deploy the airbag. 
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2.4. Sensor threshold barrier tests 
Four frontal barrier tests (see Table 1) were performed in order to provide 
sensor closure data. Tests were run at 10,12, 20 and 50 km/h. Four sensor 
accelerometer package locations were tested fore and aft. 
Sensor closure occurred for the right front sensor at impact speeds of 9.5 and 
11.7 km/h (Table 1). Therefore, the aft location was selected and used in the 
airbag performance crash tests. 
2.5. Crash test 
Two full frontal barrier crash tests were conducted at impact velocities of 40 
and 49 km/h at the Swedish Road and Traffic Institute, Linkiiping, Sweden 
(Table 2). 
TABLE 1 
Sensor closure time at different speeds 





9.8 No 47 No No 
11.7 No 40 No No 
19.8 21 25 23 28 
49.8 9 9 11 10 
TABLE 2 
The results of crash tests using the US Federal Motor Vehicle Safety Standard 208 set-up, com- 







Head injury criteria’ (HIC ) 560 688 1000 
value ) 
Chest resultant acceleration (g) 40 48 60 
Left femur (lbs ) 1078 1738 2250 
Right femur (lbs) 704 1276 2250 
‘HIC is a universally accepted nondimensional integrated acceleration time history of the result- 




3.1. Field experience 
Each of the mail cars accumulated a mileage of 20000 km during the four 
months of testing. No faults occurred in the system. 
3.2. Rough road test 
No front sensor closures occurred in these tests. 
3.3. Sensor threshold barrier tests 
Since prior to testing it was believed that sensor closures would not occur at 
speeds below 12 km/h, the first test was run at 11.7 km/h. However, the right 
front sensor closed 40 ms after the crash. Thus, a second test at 9.8 km/h was 
run which also resulted in sensor closure on the right side for the forward 
location, this time at 47 ms. 
A third test conducted at 19.8 km/h produced sensor closure times, i.e. the 
time from crash initiation to closure of the sensor contacts, for all four sensors 
ranging between 21 and 28 ms. The aft location resulted in a delay of 2-3 ms. 
Based upon occupant kinematics and bag deployment time, a sensor closure 
time of 20 ms or less was desired for the 49 km/h test condition. Thus, a test 
was also run at this speed. Acceptable closure times at all locations were reg- 
istered, with only a 1-2 ms delay between front and aft locations (Table 1) . In 
Fig. 1, sensor closure time of the right front sensor location is plotted as a 
function of impact velocity. 
, 
10 20 30 40 
Velocl ty (km/h) 
Fig. 1. Sensor closure time (ms) of the right front as a function of impact velocity (km/h). 
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3.4. Crash test 
The first test was conducted with an actual crash speed of 39.5 km/h using 
an unbelted 50th percentile driver dummy (NHTSA, 1989b) set-up. The sen- 
sor closure time was 12-14 ms. A second crash under the same test dummy set- 
up conditions was performed at an impact speed of 48.9 km/h (Table 2). Both 
crashes produced dummy results well within the tolerance limits (NHTSA, 
1989b). 
4. Discussion 
Improvement of traffic safety has been seen both in the road environment 
and in the interior protection of passenger vehicles. One of the most effective 
safety measures is the three-point seat belt. Being compulsory in Sweden, the 
use of seat belts is about 90% among front seat occupants (Lack0 and Nilsson, 
1988)) but considerably lower among high-risk occupants. In occupations where 
the driver has to leave the vehicle frequently, such as mail carriers and taxi 
drivers, the seat belt can be a source of irritation and is, therefore, used less 
often. Such problems are not associated with the use of airbags (Jagger et al., 
1987). Moreover, the seat belt does not protect against injuries caused by bro- 
ken windshields or by objects within the passenger compartment. Occasion- 
ally, the belt itself can cause trauma to the vehicle occupant, particularly when 
used improperly (Green et al., 1986; Katz et al., 1987; Sato, 1987; States et al., 
1987). 
In the present paper we have discussed the possible benefits of a driver-side 
airbag in small-size cars, as a means to enhance interior safety in frontal crashes. 
While seat belts protect vehicle occupants from ejection (Evans, 1990; Green 
et al., 1987) and contact with the vehicle interior by restraining, the dynamic 
padding of airbags reduces the amount of kinetic energy involved in occupant 
impacts with the vehicle interior, thereby reducing injuries. 
The effectiveness of airbags for reducing the number of fatalities among 
unbelted drivers has been reported to be about 20% (Green et al., 1987; Wilson 
and Savage, 1973), and the effectiveness for reducing severe injuries is about 
the same (Purse1 et al., 1978). The National Highway Traffic Safety Admin- 
istration (1984) estimated a 5% increase in effectiveness if a lap-shoulder belt 
and airbag are used together compared to the effectiveness of a lap-shoulder 
belt. alone. Our present study confirms that an airbag provides a considerable 
amount of protection in frontal collisions (Jagger et al., 1987; Mertz, 1978; 
Evans, 1990)) which is the most common collision type among fatally-injured, 
unbelted drivers (NHTSA, 198913). 
No front sensor closures occurred in our field experiments. The curb tests 
were not severe enough to ensure that the sensors would not close in a test up 
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to the limit of potential occupant injury. Nevertheless, these tests certainly 
strengthen the belief that unwanted deployments due to rough driving would 
not occur in routine use (Backaitis and Roberts, 1987). 
Furthermore, the feasibility of installation of a retrofit driver airbag system 
was satisfactorily demonstrated. In fact, the system easily met the United States 
Federal Motor Vehicle Safety Standards for automatic or passive restraints 
(NHTSA, 1984). This result suggests the possibility of mandating airbags to 
be manufactured with retrofit in all passenger cars. At least cars used for oc- 
cupational transportation should be the subject of such a mandate since safety 
standards are higher for work environments than for private ones and eco- 
nomic resources are greater for employees than for employers. 
Currently, airbag technology represents the most promising part of a risk- 
reducing program geared towards motor vehicle injuries. Airbags are of pri- 
mary interest for reducing injuries to car occupants. Currently, they offer pro- 
tection in frontal collisions, but they will soon apply to other types of impact 
as well. They supplement the initiatives of the individual, primarily the use of 
manual seat belts. In the case of no seat belt use, an airbag contributes sub- 
stantially to injury risk reduction. 
There has been speculation that individuals protected by an airbag might be 
less likely to use their seat belt, since they might erroneously (Evans, 1990) 
assume that the air bag alone will provide sufficient protection. However, belt 
use of drivers does not drop in cars equipped with air bags (Williams et al., 
1990). While airbags can reduce injury both among belted and unbelted oc- 
cupants, the most effective way to prevent injury is the joint use of a lap-shoul- 
der belt and an airbag (Backaitis and Roberts, 1987; Evans, 1990). 
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